TRAUMATIC lesions of the facial nerve in its course through the temporal bone, neck and face constitute a small proportion of all wounds resulting from modern warfare and are of minor importance as a casualty figure. However, such injuries are 'of major concern to the recipient. The soldier afflicted with a complete peripheral facial paralysis often regards his disability as catastrophic and the constant facial asymmetry and the hideous distortion occurring on emotional stimulation are frequently of such a degree as to cause the individual to shun his fellow-men. Alterations in the sociologic, psychologic and economic status of such patients are not uncommon and justify every effort being made to rehabilitate the casualty without delay.
being made to rehabilitate the casualty without delay.
During the past seven months, 40 cases of facial nerve paralysis of the peripheral type, secondary to wounds received in the present war, have been encountered. The facial nerve has been explored in 27 of these patients in order to determine the nature of the injury to the nerve and to effect a repair whenever possible. The lesions presented in this series emphasize the complexity of the destructive processes wrought by both high and low velocity missiles with respect to the facial nerve and demonstrate that the anatomical restoration of the continuity of the facial nerve may be possible in the majority of cases.
Trauma to the facial nerve incurred as a result of battle wounds varies with the type of wounding agent and the location and extent of the wound. Fractures of the facial bones, mastoid process or skull are almost always present in such battle casualties and concurrent paralyses of the 2nd, 5th, 6th, 8th, 9th, 10th, 11th and 12th cranial nerves are not uncommon.
The location and extent of the wound are of significance in evaluating the injury sustained by the nerve. An extensive wound may present multiple areas of damage, the presence or absence of which can be ascertained only by careful search of the facial nerve in the path of the wound. In one case in this series the facial nerve presented a large neuroma at the level of the stylomastoid foramen, partial destruction of the cervical trunk and avulsion of the pes anserinus and adjoining branches. Gutter wounds of the temporal bone superior to the external auditory canal and those grazing the mastoid process produce a concussional type of palsy. In the present series these recovered spontaneously. Wounds involving the mastoid process at the level of the external auditory canal or below produce facial palsy as a result of contusion or destruction of a portion of the nerve. Penetrating or perforating wounds in which the point of entrance or exit is situated just anterior to the lobule of the ear offer a poor prognosis for reconstruction of the continuity of the facial nerve as the pes anserinus may be destroyed. Branches of the facial nerve, in its distribution to the facial muscles, are, on occasion, contused or severed by deep lacerations and result in partial paralysis of the face.
The nature of the agent producing the paralysis is of importance. While it has been impossible to obtain this information in each case due to the casualty's lack of definite knowledge regarding this point, sufficient data have been accumulated to permit an evaluation of the effect of blast and high and low velocity missiles upon the facial nerve.
Facial paralyses secondary to the blast of nearbv explosives apparently are the result of an intraneural pathologic change produced by the pressure waves associated with such explosions, as in no case was a fracture of the temporal bone discernible by roentgenologic examination and spontaneous recovery occurred. Deafness and rupture of the tympanic membrane, as further evidence of the blast effect, was noted in each case.
High and low velocity missiles, on the other hand, are almost always associated with fractures of the temporal, mandibular or maxillary bones and cause paralysis as a result of concussion, compression, contusion or interruption of the nerve. There has been little difference noted between the amount of destruction caused by either of these two projectiles. The former produce either wounds of the perforating type with small entrance and exit points and extensive fracturing of the mastoid process, or large gutter wounds of the soft tissue and relativelv slight disruption of the mastoid. The flat trajectory characterizing such missiles and causing roughly horizontally lying i__ n-r%^fTI 630 Proceedings of the Royal Society of Medicine 20 wounds tends to involve the vertical position of the facial nerve in the region of the stylomastoid foramen and the cervical trunk or its facial distribution. Injury to the facial nerve by low velocity missiles is almost always associated with extensive fracturing of the mastoid process. Such wounds are of the penetrating type and present wide destruction of the nerve. On occasion minute fragments may either enter the external auditory canal or pass between the stvlomastoid foramen and the mastoid tip to either section or contuse the facial nerve.
The most significant feature of those wounds which resulted in interruption of the facial nerve is the magnitude of the loss sustained by the nerve. Exploration, on occasion, demonstrated the facial nerve to be either missing or so badly traumatized as to require excision from the region of the geniculate ganglion to within a few milli-metres of the pes anserinus, a distance of approximately 65 mm. Losses involving a portion of both the mastoid and cervical segments are common. Infrequent, but offering an extremely poor prognosis for repair of the nerve, are those wounds which destroy the pes anserinus as well as its immediate branches. Avulsion of the facial nerve in its petrosal course is rare but did occur in one case. Interruptions of lesser magnitude do occur and are located usually in the cervical trunk or the distribution in the face.
Civilian experience would lead one to believe that radiography and electrical reactions and tests for taste and hcaring woul(d reveal if the nerve had been severed and also the approximate site of injurv. However, in this series such examinations have been of relatively little practical value.
Taste testing has been unreliable in the majoritv of patients and has in all probability been due to the severe concussion which the nerve has sustained. Tests for the presence or absence of lacrimation have been more reliable. X-ray studies have been difficult to evaluate due either to failure of displacement of the fragments in the presence of an existing fracture or to an inability to determine which fracture is producing the injury to the facial nerve. Faradic stimulation, however, has been of some value either in evaluating those paralvses secondary to concussion or in making the decision whether or not to explore a large wound in the vicinity of the parotid gland. Galvanic response has been elicited in every case tested.
The treatment of facial paralyses due to injury of the facial nerve at any point in its pathway through the temporal bone, neck or face incident to war wounds is surgical. That such surgery is justly the domain of the otologic surgeon should be without question. An exact knowledge of the anatomy of the facial nerve and the pathologic processes within the middle or inner ear with which such lesions are frequently associated are prerequisites for surgical intervention.
For restoration of function of the facial nerve operations such as decompression, end-to-end suture, nerve grafting or anastomosis of the distal stump of the facial nerve to the central end of an adjacent cranial nerve are successful in the majority of cases. Decompression is readily achieved following the accomplishment of either a simple or radical mastoidectomv as may be indicated by the pathologic process present. Exposure of the facial nerve within the fallopian canal is obtained by removing the postero-lateral bony canal wall on either side of the lesion until normal nerve tissue is observed and should be followed by slitting the sheath of the nerve. Compression by displaced fragments of bone, foreign bodies or cedema may be relieved in this manner.
Division of the facial nerve requires that the divided ends be freshened and the continuity restored whenever possible by end-to-end suturing or nerve grafting. When there has been but little loss of substance the junction may be obtained by mobilizing the distal segment in the neck and parotid gland and by exerting traction to gain abLout 6 mm. Greater losses can be overcome bv re-routing the nerve should the pathologic process present permit a radical mastoidectomy. Gaps up to 23 mm. may be closed in this way.
Re-routing the facial nerve is a simple surgical procedure. A radical mastoidectomy is performed and the nerve uncovered sufficiently to permit lifting it out of the fallopian canal from the geniculate ganglion to the stvlomastoid foramen. The cervical trunk of the facial nerve is liberated from the surrounding soft tissues and, if necessary, the dissection carried forward into the cheek so as to obtain greater mobilization of this portion of the nerve. Removal of the vaginal process of the temporal bone allows the nerve to be re-directed so that it courses from the geniculate ganglion vertically across the middle ear into the neck and permits end-to-end suture without tension ( fig. 1 ).
If approximation of the divided ends cannot be accomplished bv either of these methods, then recourse must be taken to nerve grafting in order to bridge the defect.
For this purpose it is convenient to utilize the anterior femoral cutaneous nerve as the donor. The proximal and distal stumps of the facial nerve are carefully shaved until healthy nerve tissue is apparent and measures have been taken to insure a bloodless operative field. A segment of the proper length is obtained from the donor nerve and inserted into the defect of the facial nerve so as to allow coaptation of the ends of the graft with those of the facial nerve. A nerve graft lying within the fallopian canal does not require suturing. However, in those cases in which the opposing ends lie in soft tissue, a single through-and-through suture of tantalul wire 0003 of an inch in diameter is necessary in order to prevent separation. A single through-and-through stitch of fine tantalum wire has been used in this series whenever it was deemed necessary to maintain the neural junction rather than several perineural sutures. It is believed that better apposition of the nerve ends is obtained in this way and that trauma incident to the passing of several sutures through the perineurium is reduced to the minimum. Spurling [1] has demonstrated that tantalum is relatively inert in peripheral nerves and that this method of nerve suturing is practical.
Occasionallv, the central end of the facial nerve is inaccessible, and as a last resort in such instances, anastomosis of the distal stump of the facial rterve with the central end of an adjacent motor nerve is essential. For this puLrpose the spinal accessory or hypoglossal nerves are admirably suited. Prolongation of the post-auricular incision downward into the neck along the anterior border of the sternocleidomastoid muscle permits exposure and mobilization of the central portion of either of these nerves. The peripheral end of the facial nerve is freed and the anastomosis effected and maintained by a single through-and-through tantalum wire suture. The descendens hypoglossi is sectioned and the proximal end sutured to the distal stump of the donor nerve in an effort to maintain tone in the muscles supplied by this nerve. Opinions vary as to wvhether the hypoglossal or spinal accessorv nerve should he utilized for this surgical procedure, but as a general rule hvpoglossal-facial anastomosis should be reserved for those individuals whose livelihood depends on manual labour while spino-facial anastomosis is desirable in those whose occupation is of a sedentary nature.
There still remains the rare case in which none of the above procedures is applicable and indwvelling mechanical support must be supplied to obviate the unsightly deformity of the face. Total loss of the pes anseriiius ol inability to locate the severed branchles of the facial nerve in its facial distribution are examples. Living mechanical support may be obtained by implantation of fascia lata. This is best accomplished by undermining the skin and immediate subcutaneous tissue over the entire affected side of the face through a hockey-stick incision over the temporalis muscle and threading strips of freshlv obtained fascia lata through the deeper substance of the face by nieans of a suitable fascial needle in such a manner as to form three loons of fascia, one each running to the upper and lower lip and the third to the angle of the mouth. It is important that the fascial loops which are incorporated in the lips extend past the midline. The free ends of the fascial loops are adjusted and anchored-within the temporalis muscle so as to cause over-correction of the facial deformity. Excess skin is excised, the incision closed and a pressure dressing applied to the face. An excellent cosmetic result when the face is in repose may be obtained with this method and slight animation of the paralysed face may occur Nhen the temporalis muscle contracts.
Each of these methods of treatment was emploved in this series as the pathologic process present indicated and the patient's condition permitted. Decompression was performed in seven cases. Laceration or contusion of the facial nerve had occurred within the middle ear in three of these patients, in the mastoid in another and in the facial distribution in the retnaining three. Approximation of the distal and p(roximal ends of the interrupted facial nerve was accomplished in four instances. The cervical trunk was divided in two cases and a neuroma, secondary to a fracture passing through the stylo-mastoid foramen, required excision in a third. The remaining patient exhibited division of two of the principal branches of the nerve in its facial distribution.
Restoration of the continuity of the divided nerve was obtained in nine cases by nerve grafting. Both fresh and pre-degenerated nerve grafts were utilized, the former on five occasions and the latter on four. The choice of a fresh or pre-degenerated graft was dependent upon the relative diameters of the facial and donor nerves. Thus, if the donor nerve was small it was crushed and allowed to degenerate for about two weeks so that the resultant increase in size of the peripheral portion would more closely approximate the diameter of the facial nerve. If, on the other hand, there was not too great a difference in the diameters, a fresh nerve graft was used.
Defects in the facial nerve ranging from 15 mm. to 50 mm. (the average being 33 mm.) were bridged in this manner. One graft of 15 mm. was utilized to repair a gap entirely confined to the cervical trunk of the facial nerve, while grafts of 26, 30, 30, 32 and 40 mm. were used to repair losses located both in the cervical and mastoid course of the nerve. In two patients, grafts of 45 and 50 mm. replaced missing segments of the facial nerve extending from the genu to the pes anserinus. The remaining case required a nerve graft of 30 mm. to restore the continuity of the facial nerve from immediatelv anterior to the horizontal semicircular canal to just distal to the stylomastoid foramen.
The facial nerve was absent in the petrosal, intratympanic and superior half of its mastoid course on one occasion. Repair was effected in this case by anastomosis between the distal stump of the facial nerve and the central end of the hypoglossal nerve. In two cases the pes anserinus and its immediate branches could not be found and the facial deformity was satisfactorily corrected in one by fascia lata implantation. The other, together with a patient in whom the facial nerve was absent frQm just anterior to the horizontal semicircular canal to, it is believed, the pes anserinus, had to be returned to the Zone of the Interior before further treatment of the facial paralysis could be effected. The continuity of the nerve could not be re-established in three instances in which the interruption of the facial nerve occurred in its facial distribution. The care of the facial musculature is important in those cases in which it is anticipated that the facial paralysis will exist for a considerable period of time. Permanent sagging of the soft tissues and atrophy of the muscles will be reduced to the minimum if mechanical support and daily massage are instituted early. Support has been obtained in this series by adhesive traction or fascia lata slings. The latter method is desirable not only because it provides more natural support to the paralysed face, but also because permanent correction of the facial asymmetry is obtained in the event functional restoration of the facial nerve fails to occur.
Exploration of the facial nerve in these cases has proven to be especially difficult due to the loss of established anatomical landmarks in relationship to the nerve in its course through the temporal bone, and also, because of the displacement of the nerve within the soft tissues of the neck and face by the wounding agent. The surgeon operating on such cases must be thoroughly conversant with the anatomy of this region and be blessed with an infinite amount of patience and perseverance. No attempt has been made to describe the results obtained in this series as insufficient time has elapsed to permit inclusion of those cases in which interruption of the facial nerve occurred. However, since restoration of the anatomical continuity of the nerve has been accomplished in most patients, it is believed, from previously reported experience with such grafts, that relief from the facial paralysis will be obtained which will be comparable to that encountered in civil life. Mr. Lionel Colledge askeA whether Major Lathrop was optimistic about the use of a graft 2 in. long, which had been mentioned. It was well-known that recovery would be almost certain with a graft of 5 or 10 mm. in length, but different conditions arose when a graft of 50 mm. was used. Major Lathrop said that in some cases unsuitable for grafting the facial nerve had been united to the spinal accessory. He (L. C.) thought that this operation should never be done, and that if such an operation were required the hypoglossal nerve should be used. If the spinal accessory was used discomfort and even pain in the neck and shoulder were the result, and the shoulder became weak. He had used the hypoglossal on many occasions and found the disability was slight from dividing the hypoglossal -on one side. This could be minimized by dividing the descendens hypoglossi and uniting the central cut end to the peripheral end of the hypoglossal. The effect of this depended on the size of the descendens, which in turn depended upon how much of the ansa was derived anteriorly from the descendens and how much posteriorly from the cervical plexus. Sometimes the descendens was very small or even absent, but occasionally it was so large that it was possible to divide it and turn it up to be united direct with the facial, thus avoiding any division *of the hypoglossal trunk.
Mr. Terence Cawthorne said that an account of 40 such cases was something new in their experience, and those who had attempted this kind of work would appreciate what it meant to have done more than 20 cases over a short period of time. One question of interest was the introduction of sutures at the point of junction between the divided ends of the nerve. It had been found by Bentley and others that the introduction of suture material caused a certain amount of fibrosis however deftly it was done. It might be more desirable to use anchor sutures some distance away from the junction and to employ some such material as concentrated plasma solution for the actual join.
Brigadier M. L. Formby said that he himself had had no personal experience of dealing with these cases, but he had seen a number of them and had discussed them with the surgeons in charge. Where there was a severe lesion, involving the mastoid region, with considerable loss of facial nerve and tremendous scarring, it was extremely difficult to isolate the ends, and, having done so, to obtain a satisfactory result by grafting. W-here the injury had been very severe he had been inclined to hand the case on to the plastic surgeon for restorative operations. Could Major Lathrop tell them definitely the result of his experiences in cases with extensive loss, whether he considered it justifiable to explore all cases, and whether he anticipated that a reasonable proportion would give satisfactory results? The other question was, what method did he use to protect his graft after he had put it in position?
Major Hoople, U.S.A.M.C., endorsed the remarks of other speakers to the effect that this work should not be entered upon lightly and that perseverance was necessary. What puzzled him was the distortion which occurred. The nerve on occasion was moved by as much as an inch from its supposed location, and to search for it in its usual position, with scar tissue, and not find it, would trouble the ordinary man. It would be of interest to them all if the procedure of grafting of the nerve were elicited a little more fully.
Mr. Thacker Neville asked how Major Lathrop kept the patient's muscle from being stretched during recovery. He got a local optician to make a spectacle hook with vulcanite for positioning over the ear. He had found fascia lata graft a most useful and comely thing. The President said that -the great number of cases which had occurred during the war had stimulated their efforts, and no doubt would help greatly in the future towards dealing with ordinary cases in peacetime. He did not suppose that many of them would see Service cases; these were under the care of officers in the Services. Whether there would be a number of cases left over to be dealt with after the war he did not know.
Major Lathrop, in reply, said that he had no definite information concerning the permissible length of the graft that might be utilized except that derived from his own past experience and that of his colleagues. The longest graft that he had used in civil life had been one of 33 mm., extending from the geniculate ganglion to about halfway to the stylomastoid foramen. F;vidence of returning function of the facial nerve was first noted at the end of six months and complete voluntary control of the facial mu3culature on the involved side was present at the end of a year. Whether the spinal accessory nerve or the hypoglossal nerve should be utilized in performing an anastomosis with the facial nerveshould be left to the discretion of the operator. In his opinion an anastomosis does not give as satisfactory results as does end-to-end suture or nerve grafting of the facial nerve. Associated movements are more prominent and common when an anastomotic operation is used to restore function to the paralysed face than when repair of the facial nerve is accomplished by either endto-end suture or a nerve graft. Use of the hypoglossal nerve gives rise to associated movements of the facial musculature very frequently while eating and there may or may not be some difficulty experienced in enunciation. When the spinal accessory nerve has been utilized in an anastomotic operation orne often notes associated movements such as elevation of the shoulder during conversation or emotional response. There is also present decreased ability to elevate the shoulder during the course of manual labour. It would seem best, should an anastomosis be necessary, to consider carefully the vocation of the patient with relation to the possible side effects in an effort to determine whether the spinal accessory or hypoglossal nerve should be utilized.
The anatomical and pathological findings had been described in 27 of the 40 cases of facial paralysis in this series. The remaining 13 cases consisted of facial paralyses secondary to extensive lacerations of the face or cases in which it was considered inadvisable to operate because of associated -wounds of greater importance.
Major Lathrop was in agreement with Mr. Cawthorne with respect to the difficulty of operating on these patients with facial paralysis secondary to war wounds. Facility in the operative technique increased with experience and decreased the operating time.
In general, such operations were lengthy and it was not uncommon to operate four or five hours only to reach such a stage in the operation as to permit completion of the surgical repair of the facial nerve at another time.
The method utilized to maintain coaptation of the nerve ends whenever end-to-end suture or a nerve graft was necessary should be left to the discretion and experience of the operator. In his opinion it was inadvisable to use a through-and-through suture of silk or cotton since sufficient foreign body reaction may occur about such sutures as to interfere with the downgrowth of the new neurofibrils through the suture line. It would seem preferable, when a through-and-through suture is utilized, to use an inert material such as tantalum. Colonel Glen Spurling had used a through-and-through suture of tantalum wire in the repair of peripheral nerves and had found it very satisfactory. The speaker had had no experience with the "nerve glue" to which Mr. Cawthorne referred but it might very well be the ideal method. Certainly further experience with this method of maintaining the nerve junction was justified if for no other reason than that it would minimize the trauma to the nerve ends during the necessary manipulations incident to suturing. With resoeet to this latter point, Loyal Davis, in a recent article in Surgery, Gynecology and Obstetrics, indicated that the amount of fibrosis occurring at the suture line was directly proportional to the degree of trauma sustained by the nerve ends during the process of suturing the nerve ends.
Considerable difficulty in locating the proximal and distal ends of the facial nerve was encountered in these cases of facial paralysis secondary to war wounds because of the extreme distortion present. It was a relatively simple matter to perform the necessary bone work on the mastoid process but, as a result of the large amount of granulation tissue present in the wound if two or three weeks had elapsed since it was incurred, considerable difficulty was experienced in locating the ends of the facial nerve. In such instances it was necessary to "pick up" the facial nerve at a point external to the wound, in so far as this was possible, as the relationship of the facial nerve to the existing anatomical landmarks was less likely to be disturbed. The greatest difficulty was experienced in locating the distal end of the nerve. Frequently the pes anserinus was displaced by the wounding agent and thus might lie either inferior, superior or superficial to its normal position. As a general rule, it was necessary to spend the best part of an hour in discovering the distal segment of the facial nerve. The postoperative care was simple. In the past it had been the practice of the pioneers in the surgical treatment of facial paralysis to cover the nerve graft with gold leaf. However, he believed that this procedure had since been abandoned. It had been his custom to cover the graft in the facial nerve, when it lay in the mastoid cavity, with a piece of sterile cellophane which in turn is covered with lightly packed vaseline iodoform gauze. The gauze packing and the cellophane are removed at the end of a week. Some difficulty might be experienced in locating .and removing the cellophane since it was transparent. At this time the mastoid cavity was usually found to be lined with granulation tissue and the nerve graft cannot be -observed although, at times, a thin reddish streak might be noted where the graft should exist. In the event that the nerve graft was located in the soft tissues of the neck it was not covered with cellophane as the soft tissues afford sufficient protection.
It was difficult to answer the question as to whether the facial nerve should ibe explored in every case of facial paralysis secondary to war wounds. It would seem, if one was reasonably certain that the facial nerve had been sectioned, that exploration of the facial nerve was the only logical way in which to determine definitely whether such was the case or not. An endeavour should be made 'to effect restoration of the continuity of the nerve whenever possible. The question was asked by Mr. Thacker Neville as to how stretching of the facial musculature was prevented. It has been the writer's practice in the most recent cases to thread strips of fascia lata through a "hockey-stick" incision over the temporalis muscle on the same side as the facial paralysis, from the upper and lower lips as well as from the angle of the mouth to the temporalis muscle by means of a long, large-bore, steel needle incorporating a loop of steel or brass wire, as had been demonstrated on the blackboard. This procedure-took about an hour to perform and gave rise to very little reaction and an excellent cosmetic and supportive result.
In conclusion, Major Lathrop said that he did not believe that any of these operative procedures should be attempted by the beginner. The initiate should act as an assistant until he was thoroughly familiar with the anatomy of the region and the variations encountered. Fortunately, most of these cases were "clean" but he did not believe that the presence of a low grade infection was a serious deterrent whenever it was found necessary to use a nerve graft in order to effect the anatomical continuity of the facial nerve.
Section of Otology with Section ofLaryngology COMBINED SUMM\ER MEETING HELD IN LONDON [June 1, 1945] OTOLOGICAL SESSION Chairman-L. GRAHAM BROWN, F.R.C.S. Med., 1943, 36, 398) . The tests have been applied to Servicc airmen canididates and we are satisfied that they are a means of selecting the best material for the demands of presentday flying.
The method in present use for assessing the hearing ability of aviation candidates consists in testing the candidate's ability to hear ihe whispered voice with each ear separately when he is at a standard distance of 20 ft. from the speaker. The candidate fails the test, and is con.sequently debarred from all flying duty if he requires to be less than 20 ft. from the speaker in order to recognize correctly the isolated words which are whispered to him. The test is in fact a gross form of threshold test of speech, and
